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170a Sunday, February 3, 2012well-understood. To provide insight on oleic acid self-aggregation, we used
molecular dynamics simulations with the coarse-grained MARTINI model to
simulate oleic acid aggregates in various concentrations and protonation states.
Starting from a random configuration of oleic acid, protonated oleic acid yield
oils, charged oleate yields micelles, and mixtures of oleate and oleic acid form
vesicles. We then performed free energy calculations using umbrella sampling
to determine the relative thermodynamic preference of oleic acid and its con-
jugated base, oleate, for each aggregate type. Oleic acid prefers charged mi-
celles over neutral while oleate prefers neutral over charged. Both oleate and
oleic acid show preference for 80 mM vesicles and oils, but oleate prefers
the oil over the vesicle whereas oleic acid prefers a vesicle. Reproducing oleic
acid self-aggregates and calculating free energies for monomer-aggregate inter-
actions suggests thermodynamic driving forces for oleic acid aggregation.
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Investigation of Shiga-Like Toxin Subunit B using Coarse-Grained
Modeling
Patrick M. Diggins, Markus Deserno.
Carnegie Mellon University, Dept. of Physics, Pittsburgh, PA, USA.
We investigate the structural properties of the Shiga-like toxin (SLT1) subunit
B in the bulk and bound to a lipid membrane using coarse-grained (CG) molec-
ular dynamics simulations. SLT1 consist of a cytotoxic A subunit that shuts
down protein synthesis and five B subunits forming a homo-pentamer respon-
sible for ferrying the A subunit into the cell. With or without the A unit at-
tached, the B5 complex binds to specific glycolipids on the cell membrane
and leads to toxin uptake by cooperatively driving membrane invagination. Un-
fortunately, the size of the protein-lipid system needed to investigate SLT1
driven vesiculation makes all-atom simulations impractical. Instead, CG
models hold promise, having previously succeeded in simulating such events,
even though at a much lower resolution [1]. We use an intermediate resolution
systematic CG model of proteins and lipids, which improves the efficiency of
our simulations while providing the necessary specificity to relate the results
directly to SLT1 [2,3]. To ensure that the monomer structure resembles all-
atom simulations, we augment the protein model with an intra-monomer elastic
network that is parameterized using a novel iterative process. In addition, we
explore ways to best represent the bonds between binding sites on the mono-
mers and glycolipids. With the completed model, we investigate the stability
and fluctuation modes of the Shiga B subunit in the bulk and on a membrane.
In addition, we investigate the effect of the protein on the lipid bilayer, specif-
ically its local bending deformation and lipid diffusion around the protein.
[1] B.J. Reynwar, G. Illya, V.A. Harmandaris, M.M.Mu¨ller, K. Kremer, andM.
Deserno, Nature 447, 461-464 (2007)
[2] T. Bereau and M. Deserno, J. Chem. Phys. 130, 235106 (2009)
[3] Z. Wang and M. Deserno, J. Phys. Chem. B 114, 11207 (2010)
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Window Exchange Umbrella Sampling to Enhance Conformational
Sampling and Quantify Energetics in Transmembrane Helix Assembly
Soohyung Park, Wonpil Im.
University of Kansas, Lawrence, KS, USA.
The method of window exchange umbrella sampling molecular dynamics
(WEUSMD) with a pre-optimized parameter set was recently used to obtain
the most probable conformations and the energetics of transmembrane (TM)
helix assembly of a generic TM sequence. When applied to glycophorin A
TM domain (GpA-TM) using the window potentials along the helix-helix dis-
tance, however, tight interfacial packing of GpA-TM resulted in insufficient
conformational sampling at short helix-helix separation. To address this sam-
pling issue, we approached in two directions: (i) Extension of WEUSMD
into two dimensions with the restraint potentials along the rHH and crossing
angle (U) to bypass barriers for hidden variables; (ii) Design of another scheme
for the window spacing rather than a uniform one to control the average accep-
tance probability (Pa) between neighboring windows systematically. The two-
dimensional WEUSMD results demonstrate that the incomplete sampling in the
one-dimensional WEUSMD arises from high barriers along the crossing angle
between the GpA-TM helices. In principle, the multi-dimensional WEUSMD is
suitable for modeling TM helix assembly. However, for three or higher dimen-
sions, this approach becomes prohibitively intensive. To avoid this issue, one
may consider the latter approach, the variable window spacing for WEUSMD,
where the (highest) restraint force constant for the window at the shortest rHH
geometrically decreases with rHH and the first passage time optimized param-
eter set is estimated by using an analytic approximation of Pa in general case
(different window force constants for the exchange pairs). To demonstrate
the improved sampling power of WEUSMD that in turn provides trustworthy
potential of mean force, we applied WEUSMD with variable window spacingfor the assembly of GpA-TM, and indeed obtained the improved sampling
power compared to that with uniform window spacing.
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The Conformational Energy Landscape of Aqueous Polyglutamine
Peptides from Metadynamics Calculations
Riley J. Workman, Jeffry D. Madura.
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One pathological effect of polyglutamine (polyQ) diseases, such as Hunting-
ton’s disease, is the aggregation of polyQ tracts in nerve cells. These aggregates
form larger fibrils in the cells called inclusions. Though the exact pathological
role these inclusions play is unknown, an increase in their development is di-
rectly correlated to progression of these diseases. The solution structure and ag-
gregation mechanism of polyQ aggregates is poorly understood and,
consequently, is a subject of interest in the biophysics community. Understand-
ing the conformational stability and dynamic properties of polyQ peptides is an
important component along the path towards pathological polyQ aggregation.
Metadynamics simulation was used to explore the energy landscape of
DD(Q)17KK peptides in vacuum, implicit and explicit solvent environments.
Initial results from the implicit solvent simulations yield an energy landscape
populated by extended and hairpin structures. The results from all simulations
will be presented.
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Conformational Diversity of N-Glycans in Solution Studied by REMD
Simulations
Yuji Sugita, Wataru Nishima, Yoshiki Yamaguchi, Suyong Re.
RIKEN, Wako, Japan.
Conformational diversity of glycans is essential for the specific binding to their
receptor proteins. Each of multiple conformers of a glycan could serve a ‘‘key’’
for specific binding to a target protein. However, the labile nature of glycans
makes characterizing their conformational states a challenging issue. Here,
we performed replica-exchange molecular dynamics (REMD) simulations to
identify a family of multiple conformers of N-glycans in solution. The results
provide new insights into the conformational equilibria of N-glycans and their
alternation by chemical modification, supporting the concept of ‘‘conformer se-
lection’’ in protein-glycan recognition. We also emphasize the importance of
statistical averaging over the multiple conformers of glycans for comparing
simulation results with experimental observables. Further theoretical develop-
ments prompt to explore the relationship between the flexibility of glycans and
their specific recognition.
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Rare Events in Protein Simulation Revealed by using Time-Structure
Based Independent Component Analysis
Sotaro Fuchigami.
Yokohama City University, Yokohama, Japan.
Molecular dynamics (MD) simulation is a powerful tool and widely used to elu-
cidate dynamic behavior of proteins. Protein motions occur over a wide range
of time scales, but not all are important for protein functions, which time scales
are generally longer. Thus, it would be reasonable to consider that slower mo-
tions of proteins are more relevant to their functions. To identify such slow pro-
tein dynamics from simulation results, we have proposed the time-structure
based independent component analysis (tICA) and have validated its useful-
ness. It was found that the motions detected by tICA were classified into two
types: slowly changing motions and rare events. In the present study, we fo-
cused on rare events in protein simulation and investigated their variety and ro-
bustness. As a target protein, we selected lysine-, arginine-, ornithine-binding
protein (LAO), which undergoes a large structural change upon ligand binding.
One-microsecond MD simulation of apo-LAO in explicit water was performed
three times using MARBLE and the CHARMM22/CMAP force field parame-
ters. By applying the tICA to the simulation results, several rare events were
identified as local motions, and confirmed with additional analyses to be actu-
ally occurred. We will discuss their underlying mechanism and functional
significance.
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Improvement of Sampling Efficiency through Combined use of Molecular
Dynamics Simulations with Implicit and Explicit Solvent Models
Hiroko X. Kondo1,2, Noriaki Okimoto2, Makoto Taiji1,2.
1The University of Tokyo, Chiba, Japan, 2RIKEN QBiC, Kobe, Japan.
The molecular dynamics (MD) simulation is powerful tool for analyzing the
dynamical or physicochemical properties of biomolecules that are not accessi-
ble experimentally. It is however that the time scale of the MD simulation is not
enough for examining the biologically significant events such as protein
Sunday, February 3, 2012 171afolding, domain movement, and so on, due to the computational limitation.
Therefore the enhanced sampling methods to overcome the computational lim-
itation are so important.
This study aims at the reduction of the computational cost for sampling through
combined use of the simulations with the implicit and explicit solvent; the for-
mer is used for broad sampling of the conformational space and the latter for
correcting the conformational space sampled by the former simulation. The
system with the explicit solvent was coupled with the subsystem solvated
with the implicit solvent, which accelerate the conformational sampling. The
replica exchange molecular dynamics (REMD) was adopted for the subsystem
in this study. For estimating the ability of the new method, chignolin, 10-resi-
due mini protein, was chosen as a model system. The results show that the abil-
ity of conformational sampling by this method is higher than that of the
conventional MD simulation and nearly corresponds to the temperature
REMD simulation with the explicit solvent. Furthermore the computational
cost was reduced by approximately six-fold as compared as the temperature
REMD on this system.
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Taiwan.
The human A2A adenosine receptor (A2AR) is a member of Class A G protein-
coupled receptors (GPCRs). Activation of A2A adenosine receptor leads to the
stimulation of adenylyl cyclase (AC), and thereby increases the formation of
cyclic adenosine monophosphate (cAMP). It has been recognized that A2A
adenosine receptor is a potential therapeutic target for the treatment of Parkin-
son’s disease, Huntington’s disease, schizophrenia, and other neurodegenera-
tive diseases. In 2008, the first human A2A adenosine receptor was
crystalized in complex with its high affinity selective antagonist ZM241385.
In 2011, six more A2A adenosine receptor structures were published. Three
of them co-crystallized with its agonists (UK432097, adenosine, and NECA)
and three of the others co-crystallized with its antagonists (ZM241385, xan-
thine amine congener, and caffeine). In this study, the changes of allosteric
communication inside the A2A adenosine receptor induced by these agonists
and antagonists are examined by molecular dynamics simulations. We found
that agonists are able to switch the torsion angle of W2466.48, and the correlated
motions within the A2A adenosine receptor are also perturbed by this rotamer
toggle switch. In addition to conventional dynamical cross-correlation matrix
analysis, we also investigated the time-lagged correlated motions to see the per-
sistence time of autocorrelation and cross-correlation, and to examine the cau-
sality relationships between different dynamics states of the receptor.
1. Huang, N.-K.; Lin, J.-H...Chern Y. A new drug design targeting the adeno-
sinergic system for Huntington’s disease. PLoS. ONE 2011, 6, e20934.
2. Chen, J.-B.;. ..Lin, J.-H., Fang J.-M. Design and synthesis of novel dual-
action compounds targeting adenosine A2A receptor for neuroprotection.
ChemMedChem 2011, 6, 1390-1400.
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Andreas Volkhardt, Tim Meyer, Helmut Grubmu¨ller.
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Protein function crucially depends on protein dynamics. Large-scale molecular
dynamics simulations of small globular proteins show an anomalous diffusion
behavior for the principal motions of proteins over multiple time scales. Specif-
ically the variance of the essential principal components increases with a power
law s ~ T a with trajectory length T. This behavior suggests a hierarchical
structure of the energy landscape as first proposed by Frauenfelder.
To quantify how the anomalous diffusion exponents found in the molecular dy-
namics simulations give insight into the hierarchical structure of the underlying
energy landscape, we compared our results to the simple discrete energy land-
scape shown in the figure. In this model,
a hierarchy of energy barriers separating
adjecent states is assumed. This hierarchy
is characterized by its ‘‘ruggedness’’ DF
as shown in the figure. We show that DF
can be derived from the power law expo-
nent a measured in the simulations via
DF=log(2)(2/a-1). Typical values of 5-7 kT
are obtained.877-Pos Board B646
Dynamics of the Distal Cavity in Myoglobin Variants
Benjamin Rodriguez, Raymond Esquerra, Anton Guliaev.
San Francisco State University, San Francisco, CA, USA.
The non-coordinated water molecule in the distal pocket of a myoglobin (Mb)
can be a dominant factor in controlling the binding of CO to the active site. Ex-
perimental data showed that the mutations of the distal-pocket residues (V68F,
V68L, L29F and L29W) modified myglobion’s reaction rates with nitrite and
water occupancy after photodissociation of CO. In this work molecular dynam-
ics (MD) simulations revealed pronounced changes in the distal cavity volume
for all variants and wild-type (WT), particularly when water leaves or enters the
cavity. A 10% reduction in mean cavity volume was observed for WT when
water exits the cavity (60.8 A˚3 and 55.4 A˚3 occupied vs. unoccupied respec-
tively). In contrast, the L29F substitution resulted in 75% contraction in unoc-
cupied volume making it less accessible, correlating with lower experimental
water occupancy reported for L29F as compared to WT. The main dynamical
pathway for water migration in and out of the distal cavity for all five systems
was via H64. The imidazole ring of H64 acted as a gate to the cavity and was
stabilized by the cavity bound waters. The exit of water molecules from theWT
and V68F distal cavities increased the dynamics of H64 leading to significant
population in the solvent exposed conformation. This conformational flexibility
of H64 should ease the entrance of water molecules back into the distal cavity.
In L29F and L29W variants which have lower experimental water occupancy in
comparison to WT and V68F, the H64 showed reduced motions with the ele-
vated population in the conformation precluding the entrance of water. This
work demonstrated that the dynamics of residues lining the cavity play an im-
portant role in governing the water access to the distal pocket and the binding
affinity for gaseous ligands to Mb.
878-Pos Board B647
Pressure Effect on the Secondary Structure of Peptides Studied by
Generalized-Ensemble Molecular Dynamics Simulations
Yoshiharu Mori1, Hisashi Okumura1,2.
1Institute for Molecular Science, Okazaki, Japan, 2The Graduate University
for Advanced Studies, Okazaki, Japan.
Pressure effect on the structure of proteins and peptides has recently been stud-
ied theoretically and experimentally. Some proteins are denatured under high
pressure conditions while some peptides are more stable in the folded state
than in the random coil state at high pressure. It is important to understand
the molecular mechanism of pressure-induced structural changes of proteins
and peptides.
We studied pressure effect on the structure of peptides by using molecular dy-
namics simulations. Molecular simulations often get trapped in the local min-
imum states of the free energy. In order to overcome such difficulty, we used
a generalized-ensemble algorithm, which gives more efficient sampling in
a molecular simulation.
We performed molecular dynamics simulations with a generalized-ensemble
algorithm for helical peptides in explicit water molecules. We found that the
population of the secondary structure of the peptides changes as pressure in-
creases. We also calculated the free energy as a function of pressure. The detail
molecular mechanism of the structural change induced by pressure will be
shown in the meeting.
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Understanding the Molecular Mechanism of Synergistic Inhibition in the
Hepatitis C Virus (HCV) Polymerase via a Computational Investigation
of Protein Dynamics
Jodian A. Brown, Ian F. Thorpe.
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A major challenge of treating HCV infection is the emergence of resistance to
current treatment regimens. An approach to reducing the rate of drug resistance
is to increase the inhibitory effects of allosteric inhibitors by using them in
combination to target the HCV polymerase (NS5B). Although recent biochem-
ical studies show the use of multiple allosteric inhibitors has a synergistic in-
hibitory effect on the HCV polymerase, the mechanism by which this
synergistic inhibition occurs still has not been clearly elucidated. To garner in-
sight into the mechanism of synergistic inhibition of NS5B, we employ molec-
ular dynamics (MD) simulations of the enzyme simultaneously bound to two
allosteric ligands. In concert with covariance and principal component analy-
ses, the data from MD simulations allow us to compare specific structural
and dynamic properties of the free and ligand-bound protein. Understanding
the molecular mechanism that mediate synergistic inhibition in NS5B may al-
low us to optimize the inhibitory activity of these compounds against the
